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(57)[Claim(s)] 
[Claim l] 

To separate anion in aqueous solution where protein has 
coexisted, in anionic exchange resin of sphere which 
quantification is done, 

As for aforementioned sphere, 

Being connected by surface, aforementioned protein static 
charge in electric charge which is done repulsion polymer 
which possesses negative electric charge which is done and, 

There being structure reaches, micropore of smaller diameter 
than the molecular diameter of aforementioned protein and, 

Being connected by internal surface of this micropore, anion 
exchange group which theaforementioned anion which enters 
into aforementioned micropore the ion exchange is done and, 

anionic exchange resin 0 where it possesses, quantitative 
analysis does aforementioned anion with pH domain where 
aforementioned protein has negative charge arid makes 
feature 



[Description of the Invention] 

industrial Area of Application> this invention is filled in 
chromatography column and anion in sample where the 
protein has coexisted using in order quantitative analysis to do 
making use of the liquid chromatography technique (Also ion 
chromatography technique includes. ), regards preferred 
anionic exchange resin (filler ). 



Page 3 Paterra Instant MT Machine Translation 



JP2830107B2 



1998-12-2 



yj6*tt#ttT«c±#**ofc. 



*fc, ::©*5fcLT**Lfc*://**fttf»» 
IB5^*9A©?l£tt*R±*^te£ti:oTl* 



»©J:5<f*jil*<<f<«fi1fl*«*«*ifc*a 

fey. *©s mi*. $o-7hfciza*$*i*>/< 



<Prior Art> 

When generally, anion in sample where protein has coexisted 
quantitative analysis is done making use of liquid 
chromatography technique (Also ion chromatography 
technique includes. ), next kind of problem occurred. 

Namely, surface of anionic exchange resin which is filled 
inside separation column or the protein etc in sample adsorb 
* into ion exchange group, happen to see and the ion exchange 
capacity above decreases and separation performance of anion 
decreases and/or the quantitative behavior decreases was 
many. 

In addition, when there is many also fact that pressure of 
theabove-mentioned separation column rises this way adsorbs 
due to fact that the protein which accumulates, this kind of 
pressure rise occurs, regeneration of theabove-mentioned 
separation column had become upper impossible really. 

Washing method, above-mentioned separation column which 
beforehand removes the protein from sample as method which 
solves this kind of problem, in frequent, method, which 
removes protein which adsorbs andinstalling changeover 
valve which has pre column which adsorbs before the 
separation column, method etc which removes protein were 
done protein. 

<Problem That Invention Seeks to Solve> 

But, in case of method which beforehand removes protein 
from the sample, time is required for pretreatment of sample 
in first, therewas a thing or other deficiency which objective 
component is taken in in protein which is possibility where 
second protein removal agent causes adverse effect to 
separation of measurement subject ion, is removed to third 
with precipitation etc. 

In addition, washing separation column in frequent, in case of 
method which removes protein which adsorbs, it stops 
analysis once in the first and it must let flow solvent which 
differs from transfer phase in column, it is not to maintain 
continuity of analysis and/or to bedesirable from efficiency 
guaranty or other aspect of maintenance, You wash away 
protein which adsorbs into second once simply it isnot 
possible and there was a deficiency that consumption of the 
column is quick in resulting. 

protein installing pre column which adsorbs before separation 
column, the method which removes protein is not a deficiency 
an above-mentioned way and presently it is a method which 
most is superior, but there was a new deficiency that ••' 
equipment maintenance of pre column (adsorption column ) 
on complex becomesnecessary. 

As for this invention, considering to this condition, being 
something which itis possible, objective is filled in 
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chromatography column and anion in the sample where 
protein has coexisted using in order quantitative analysis to 
domaking use of liquid chromatography technique (Also ion 
chromatography technique includes. ), it is to offer preferred 
anionic exchange resin. 

<Means to Solve the Problems> 

In order to achieve this kind of objective, as for this invention, 

To separate anion in aqueous solution where protein has 
coexisted, in anionic exchange resin of sphere which 
quantification is done, 

As for aforementioned sphere, 

Being connected by surface, aforementioned protein static 
charge in electric charge which is done repulsion polymer 
which possesses negative electric charge which is done and, 

There being structure reaches, micropore of smaller diameter 
than the molecular diameter of aforementioned protein and, 

Being connected by internal surface of this micropore, anion 
exchange group which theaforementioned anion which enters 
into aforementioned micropore the ion exchange is done and, 

It possesses, quantitative analysis it does aforementioned 
anion with the pH domain where aforementioned protein has 
negative charge, it hasmade feature. 

<Working Example> 

Below, concerning this invention you explain in detail making 
use of the figure. 

Figure 1, with configuration diagram of anionic exchange 
resin of this invention, expanding part,is something which it 
shows. 

Doing sphere, when pH value approximately 1 0 being in 
surface ,polymer B (for example carboxyl group etc) which 
has possessed weak negative charge large number 
hasconnected anionic exchange resin. 

In addition, there is a micropore (With in the diagram, below 
portion s which is shown in wedge, you call capillary D ) in 
portion of surface of anionic exchange resin A,anion 
exchange group C large number has connected to th is 
capillary D. 

In anionic exchange resin of this kind of structure, protein P 
in sample because the molecule radius is large, furthermore 
because it has possessed negative electric charge, not toinsert 
in capillary D, ion is removed with above-mentioned polymer 
B. 

In addition^ anion exchange group C and anion exchange 
inside capillary D it does the anion S" in sample, cation S + in 
sample above-mentioned polymer B quite has reached point 
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where weak cation exchange it does. 

Figure 2 is step explanatory diagram in order to explain 
manufacturing method of anionic exchange resin which 
relates to this invention. 

In this figure, first, adjusting to reaction method, you prepare 
polymer gel which has fixed functional group adjusting to 
reaction method, you make resin which introduces fixed 
functional group. 

This is something which becomes substrate. 

If it illustrates is, 350;mu mol/g hydroxyalkyl methacrylate 
crosslinked polymer gel etc of particle diameter 1 2 ;mu m 
which is introduced you can list epoxy group. 

Next, above-mentioned polymer gel is dispersed in buffer 
which the synthetic polymeric substance which has negative 
charge is easy to be fixed. 

If it illustrates is, dispersing 5 g (dried weight ) of 
above-mentioned hydroxyalkyl methacrylate crosslinked 
polymer gel, in 1% 2 -hydroxy methacrylate * methacrylic 
acid (content; weight ratio 20% of methacrylic acid ) 
copolymer aqueous solution, 6 -hour reaction it did in 
incubator of50 deg C including 45% zinc borofluoride 
aqueous solution 0.0 5g.. 

After reacting, above-mentioned resin fully after washing 
with pure water, it mixes compound which becomes ion 
exchange group constant time reactsunder constant 
temperature. 

If it illustrates is, dispersing in 10% trimethyl amine solution, 
10 hours reacting with 30 deg C, after reaction termination, 
with pure water you wash the resin in fully. 

After that, dispersing in 0.1 Msulfuric acid water solutions, 2 
hours it reacts with30 deg C. * 

Next, washing resin which it occurs with reaction with 
buffer ,water wash it does in rear satisfactory, after that, 
exchanges to the counterion of objective. 

If it illustrates is, with pure water of 100 ml you wash resin 
which it occurs with reaction in satisfactory, after that, 
disperse in sodium chloride aqueous solution of 0.5 M and 
filter, furthermore, after washing with the sodium chloride . 
aqueous solution 50 ml of 0.5 M, with pure water you wash in 
satisfactory, disperse in sodium chloride aqueous solution of 
0.1 M and overnight leave. 

As illustrated, anionic exchange resin which it acquires had 
ion exchange capacity of 45;mu Eq/ml. 

In addition, this anionic exchange resin in stainless steel 
chromatography column of for example internal diameter 5.0 
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mm* length 100 mm is filled making useof high pressure 
slurry filling method, is used as ion chromatograph and 
separation column etc for liquid chromatograph. 

By way, relatively it has possessed functional group which 
can supply the synthetic polymeric substance which with 
hydrophilic porosity cross linked polymer gel has negative 
charge in surface as theabove-mentioned substrate, it must be 
a resin which can introduce the functional group which can 
connect synthetic polymeric substance which has negative 
charge in surface. 

In addition, synthetic polymeric substance which has negative 
charge, is good having substrate and functional group for 
example epoxy group etc of reactivity which forms 
connection. 

Furthermore, protein etc which exists in synthetic polymeric 
substance or sample which has negative charge which is 
connected to surface cannot permeate capillary which this 
kind of resin has, or or barely only, small to extent which it 
cannot permeate does not bee ome. 

Concretely, description below (J2 ) or resin like (jp2 ) 
isdesirable. 

(J2 ) carboxyl group, amino group, hydroxy group, or 
polymethacrylate resin, polyvinyl alcohol resin, or polyether 
resin etc which possesses epoxy group etc. 

polymethacrylate resin, polyvinyl alcohol resin, or polyether 
resin etc whose introduction of functional group 
whichpossesses (jp2 ) halogen group or hydroxy group, at 
same time, can connect to chemical above-mentioned 
functional group and synthetic polymeric substance which has 
negative charge is possible. 

In addition, as for synthetic polymeric substance which has 
negative charge, only functional group andreaction of 
aforementioned substrate in capillary internal of substrate, 
itmust be something which has kind of molecular weight 
which it cannotpermeate. . 

synthetic polymeric substance which has negative charge, it 
possesses hydrophilic group (for example hydroxy group ) 
which doesnot have electric charge in transfer phase which is 
used in polymer chain in the fully and basic (for example 
carboxyl group, sulfone group etc) which has negative charge 
simultaneously partially ithas had to have possessed. 

This time, in in polymer chain mole ratio of hydrophilic group 
and basiswhich has negative charge, 0.05 - 0.5, must be 
preferably 0.1-0.3 concerning thebasis which has negative 
charge. 

As example of this kind of synthetic polymer, you can list 2 
-hydroxyethyl methacrylate-methacrylic acid copolymer etc. 
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-hydroxyethyl methacrylate-methacrylic acid copolymer etc. 

In this case, 2 -hydroxyethyl methacrylate hydroxy group 
being hydrophilic group , it has become the functional group 
which reacts with substrate simultaneously. 

In place of hydrophilic group synthetic polymer after 
connecting, it is good to the substrate surface having 
possessed functional group (for example epoxy group etc) 
which can be exchanged to the hydrophilic group with 
chemical treatment . 

This time, in in polymer chain molar proportion of 
hydrophilic group and basis whichhas negative charge, 0.05 - 
0.7, must be preferably 0.1-0.5 concerning basiswhich has 
negative charge. 

As example of this kind of synthetic polymer, you can list 2 
-hydroxyethyl methacrylate-methacrylic acid copolymer etc. 

ion exchange group of substrate capillary internal, satisfactory 
with low molecular weight charge substance which itcan 
permeate, synthetic polymeric substance and unreacted 
capillary internal functional group which have negative 
charge (Always not being same as functional group which 
connects synthetic polymeric substance whichhas negative 
charge also it is good. ) withreacting in substrate capillary 
internal, must be substance which becomes anion exchange 
group. 

general alkyl ethanolamine or other alkanolamine, horse 
mackeral S> and hydroxyalkyl ammonium etc 
correspondconcretely. 

As for Figure 3 when with constitution explanatory diagram 
of general V~ press To type ion chromatograph equipment, 
transport pump 2a drives, eluting liquid inside dissolved 
liquid tank la, via inner chamber 5 c— ►detector 6 of transport 
pump 2a— >inj ector 3 —►separation column 4— ^suppressor 5 , 
flows to with waste liquid tank 7a. 

In addition, when transport pump 2b drives, removed liquid 
inside removed liquid tank 1 b, via outside room 5 b of 
transport pump 2b— ►suppressor 5, flows to with the waste 
liquid tank 7b. 

Because of this, cation which exists in inner chamber 5c of 
suppressor 5 through cation exchange membrane 5a, outside 
room 5 b and it reaches point where ion exchange of 
suppressor 5 it does, electrical conductivity background of 
fluid which in resulting exists in inner chamber 5c of 
suppressor 5 is removed. 

Furthermore as for separation column 4, suppressor 5, and 
detector 6, being stored up inside the constant temperature 
tank 9, as it is maintained at constant temperature (for 
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example 40 deg C ), transport pump 2, injector 3, separation 
column 4, suppressor 5, and detector 6 are stored up in chassis 
1 0 of analyzer, is many . 

constant amount was filled anion which is included in sample 
which is separated by injector 3 with separation column 4 in 
ion chromatograph equipment which consists ofthis kind of 
constitution, after that, background of electrical conductivity 
isremoved with suppressor 5 above-mentioned way and is 
detected withrear detector 6. 

signal which is detected with detector 6 this way is led by the 
display equipment 8 (for example recorder ) and has reached 
point where chromatogram is drawn. 

anionic exchange resin which it produces aforementioned way 
as it is filledinside separation column 4, with next kind of 
experimental condition when it recovered and/oranalyzed 
later mentioned sample next kind of experimental result 
acquired. 

Namely, 

When (J2 ) anionic exchange resin, it was filled in stainless 
steel chromatography column of internal diameter 5.0 mm, 
length 100 mm making useof high pressure slurry .filling 
method, measured recovery ratio of protein room in 
phosphate buffer, itwas approximately 95% (albumin ). 

In addition, recovery ratio with 4.0 mM Na 2 CO 3 /4.0 mM 
NaHC 0 3 (As for pH 10. 0) approximately was 88%. 

(jp2 ) transfer phase of 4.0 mM Na 2 CO 3 /4.0 mM NaHC 0 3 
(As for pH 10. 0) use (As for flow 2.0 ml/min ) was done, 
kind of the temperature 40 deg C, sample injected amount 
50;mu.script-I., detector 6 of constant temperature tank 9 
made ultraviolet absorption detector, could separate C1"khk 
N0 2 "ion, Br*ion % N0 3 ~ion* SC>4 2 "ion satisfactorily. 

(jp3 ) description above (jp2 ) with under identical condition, 
it measured sample which includes 0.2% albumin, but in this 
case, Cl'ion* N0 2 "ion s Br'ion s N0 3 "ion„ S0 4 2 *ion could 
beseparated satisfactorily. 

If from thing above, anionic exchange resin of this invention 
is used, can analyze the low molecular weight anion in sample 
which includes protein to influence none of protein 
understands. 

As for behavior which is kept you can think sample 
component to filler that it seems following way. 

Namely, when of analysis in buffer of pH value 10 is thought, 
at thetime of pH value 10 dissociated it does carboxyl group 
and does negative charge, the dissociated doing quaternary 
ammonium group which exists in filler capillary internal, it 
has possessed the positive electric charge. 
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' When under this kind of state, for example isoelectric point 5, 
explains retention behavior when sample which includes kind 
of protein which is wasfilled, it becomes following way. 

Namely, if ion exchange group of filler capillary internal is 
quaternary ammonium form, above-mentioned way 
dissociated doing even in buffer, it has positive electric 
charge. 

When low molecular weight anion gets near to this kind of 
filler, ion it isremoved by negative electric charge of carboxyl 
group in polymer (synthetic polymeric substance ) of surface 
of theabove -mentioned anionic exchange resin, but because 
positive electric charge of anion exchange group of capillary 
internal is stronger, low molecular weight anion enters into 
capillary internal and ion exchange isadsorbed. 

In addition, when isoelectric point small protein gets near to 
this filler incomparison with buffer , because it has sample 
protein and negative electric charge,ion removal is received 
with negative electric charge of surface of 
theabove-mentioned anionic exchange resin. 

With positive electric charge of anion exchange group of 
capillary internal pulling being attachedthought and others 
as for protein not be able to pe rmeate the molecular weight 
largely in capillary internal , ion exchange group and ion 
exchange inside capillary without adsorbing, it is liquated. 

Actually, because there is somewhat hydrophobic adsorption, 
it is somewhatkept in filler . 

In case of low molecular weight cation, ion exchange it 
adsorbs into negative electric charge of carboxyl group in 
polymer of resin surface, but negative charge of surface 
because it is a extremely minute amount, even with transfer 
phase where concentration is small removal doessimply from 
resin. 

When protein and low molecular weight anion have coexisted 
in sample, theabove-mentioned 2 phenomena happen 
simultaneously, just low molecular weight anion is keptin 
filler and reaches point where it is separated. 

When phenomena above is collected, it becomes following 
way. 

Namely. 

When (J2 ) protein and enzyme has coexisted, ion removal 
happensbetween negative electric charge of carboxyl group in 
polymer of resin surface. 

In addition, because size of protein and enzyme is large, 
itcannot permeate in capillary of filler. 

Because of this, negative charge of surface goes hand in hand 
with thefact that it is a extremely minute amount, even with 
transfer phase where concentration is small removal does 
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simply from resin. 

Therefore, gripping force is small. 

In case of (jp2 ) low molecular weight anion, ion it removes 
-between negative electric charge of the carboxyl group in 
polymer of resin surface. 

In addition, be able to permeate to capillary of filler, with the 
capillary internal ion exchange it does between anion 
exchange group . 

Therefore, gripping force is large. 

In case of (jp3 ) low molecular weight cation, ion exchange it 
adsorbs into negative electric charge of the carboxyl group in 
polymer of resin surface. 

In addition, it can permeate to capillary of filler, but, with the 
capillary internal ion it is removed. 

Because of this, negative charge of surface because it is a 
extremely minute amount, even with transfer phase where 
concentration is small removal does simply from the resin. 

Therefore, gripping force is small. 

<Effect of Invention> 

Above, according to Working Example of kind of this 
invention which is explainedin detail, it is filled in 
chromatography column and anion in sample where protein 
has coexisted using in order quantitative analysis to do 
making use of liquid chromatography technique (Also ion 
chromatography technique includes. ), method which 
produces preferred anionic exchange resin (filler ) actualizes. 

In addition, anionic exchange resin which is produced in this 
way is a benefit thatby fact that surface of substrate was 
covered with synthetic polymer which has negative charge, 
can measure low molecular weight anion in sample which 
includes protein etc in influence none of protein. 

Furthermore, sample which includes protein etc can directly 
befilled and because washing or other excessive operation is 
not needed, analysis condition beingsimple, there is also a 
benefit that measurement time decreases greatly. 

In addition, protein etc in sample pulling problem, shortening 
retention time which originates in decrease in regard to 
appearance of ion exchange capacity which is caused is gone 
it adsorbs to column packing medicine by, there is also a 
benefit that chromatogram which is good to the 
reproducibility in resulting is acquired. 

Furthermore, there is also a benefit that protein etc in sample 
deterioration of column performance which originates in rise 
etc of the column pressure with fact that etc it adsorbs to 
column packing medicine and isgone can assure life extension 
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conversion of column. 

[Brief Explanation of the Drawing(s)] 

As for Figure 1 as for configuration diagram. Figure 2 of 
anionic exchange resin of this invention as for the step 
explanatory diagram* Figure 3 in order to explain 
manufacturing method of anionic exchange resin of this 
invention it is aconstitution explanatory diagram of general 
ion chromatograph equipment. 

As for A as for ion-exchange resin, B as for polymer, C as 
for anion exchange group, P as for protein* S + asfor cation, 
S" anion „ 



{Figure 1 } 
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{Figure 2 } 
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